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CONTROL CHARACTERISTICS AND THE AERODYNAMIC
EFFECTS OF EXTERNAL STORES AND RAM JETS

By Joseph W. Cleary and Jack A, Mellenthin
SUMMARY

Additional wind—tunnel tests of the 0.l6—scale model of the X3
alrplsne have been made at low end high subsonic Mach numbers to inves—
tigate the lateral— and longltudinsl—stabllity and —conitrol character—
isties., The X-3 is a research airplsne incorporating a low—asvect—ratio
wing and tail with sharp leading and trailing edges and is designed for
supersonic speeds.

The results of the tests show a stable varistion of sgll—-moving—tasil
incidence with Mach mumber for Mach numbers less than about 0.85.
Deflecting the wing leading—edge flaps, in general, reduced the Mach
number range for this stlick—fixed statlc stabllity and increased the
negative tall incidence required to trim the alrplane in level flight.

For Mach numbers less than sbout 0.85, deflecting the leading—edge
flaps 1ncreased the maximum l1ift-drag ratio and reduced the drag at 1lift
coefficients greater than gbout 0.2. :

Tests of the model equipped with airbrskes Indicated generally
sgtisfactory longltudinal-—-stability characteristics with a single or
double brake mounted forward of the wing at fuselage station %41.00 inches.

Adding fuel tanks or ram Jets to the wing tips or adding fuel tanks
beneath the wing appeared to be serodynamically feasible inasmuch as the
lateral— or longitudinsl-stability smnd —control characteristics were not
excessively affected. Although the wing—tip tanks reduced the 1ift
coefficlent for balance, they increased the lift—curve slope and the
static—longitudinel stability. The underwing tanks reduced the longi-—
tudinal stebllity in the region of 0.2 1ift coefficlent. Both tank
installations increased the drag coefflcient at zero 1ift about 0.003
at the lower Mach numbers, but the tip tanks produced less drag than the
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underwing tanks at 11ft coefficients above sbout 0.2 and Mach numbers

less than 0.85. The principal effect of the wing-tip ram Jets was to »
increase the lift—curve slope and to reduce the 1lift coefficilent for

balance.

The normel force imposed on the wing tips by the tip tanks or by
the ram Jets increased approximately linearly with angle of attack up to
the wing stall. o

At an angle of attack of 6° and a Mach number of 0.925, the alleron
retained approximstely 80 percent of its low—speed effectiveness.

INTRODUCTION

Preliminary wind—tunnel tests of the 0.l6—scale model of the X~3
airplane (reference 1) indicated that the stabilizing fins of the
Jettisonable nose had an unfavorsble effect on the longitudinal-stability
characteristics. PFor this reason, the nose fins were eliminated and
Plane for a Jettisomable nose as a means of pilot escape were abandoned.

The high—speed wind—tunnel tests were later resumed on this basils -
to furnish additional besic force and moment data on the model., The
additional investigation Included a determination of the effects of
slmilated air scoops, ailrbrakes, external stores, and wing—tip ram jets i
on the longitudinal and lateral characteristics of the model. Measure—
ments were made of the normal force and the pliching moment transmitted
to the model wing tip by & fuel tank end & typical ram Jet. The results
are presented in this report with a limited asnalysis of the stabllity
and control characteristics.

The tests were requested by the U, S, Alr Force and were made in
the Ames l6—foot high—speed wind tunmel.

COEFFICIENTS AND SYMBOIS

Pltching moments, yawing moments,-snd rolling moments were computed
wilth respect to mmntually perpendicular axes that passed through the
center of gravity. One axls coincided with the fuselage reference line
while another was parasllel to the wing To—percent—chord line and normsl
to the plane of symmetry. The center of gravity was essumed to lie on
the fuselage reference line and sbove the 15—percent polnt of the wing
mean aerodynamic chord, This 1s the system of reference axes used in ~
reference 1,

The horizontal-tail hinge moments were computed with respect to a .
lateral axis passing through the 25—percent point of the mean aerodynamic
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chord of the exposed tall. Tip—tank and ram—Jet pitching moments were
computed with respect to & lateral exis passing through the 15—percent
point of the wing mean serodynasmic chord.

The coefficlents and symbols used in this report are defined as

follows:

Co

cross-wind—force coefficient (crOsH;']Sld f°r°e>

drag coefficilent (%)

1ift coefficient (%)

ram—jet normal—force coefficient <ram—,jet normal force)

asr

tip~tank normsl—force coefficient <tip-ta.nk nqgrrmal force)

horizontal—~tall hinge—-moment coefficlent
horizontal—taill hinge moment

BT

rolling-moment coefficient (rﬂisi;‘gf mcment)

pitching-moment coefficlent (Eitchi:gamoment>

ram—Jjet pitching—moment coefficient (Tatéet P%;:;;ns moment)

tip~tank pitching-moment coefficient (tiP'mJ;;;hing momenﬁ)
R T

yewing mcment)

vawing-moment coefficlent =

free—stream Mach number

wing area, square feebt

ram—jet frontal ares, square feet

tip—tank frontal area, square feet
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exposed horizontal—tail area, square feet
free—stream veloclty, feet per secomnd
wing span, feet

horizontal—tgeil span, feet

wing chord, feet

c2 dy
mean aerodynamic chord of the wing < > s feet

tall chord, feet

mean agercdynamic chord of the exposed horizontal tail

0 .5hy
fo .045bt cg® dy

s Ffeet
fo.sbt ay
0.045bg °F

horizontal—tall Incidence with respect to the fuselage reference
line, positive with the tralling edge downward, degrees

rap—jet length, feet

tip—tank length, feet

1ift
load factor (m—gi-ﬁ-)

free—gtream dynamlc pressure (%pﬁ) s pounds per square foot

lateral distance from the model plane of symmetry, feet

angle of attack of the fuselage reference line with respect to
the wind exls, degrees

alleron deflection, positive downward, degrees
airbreke deflectlion, positive downward, degrees
leading—edge—-flap deflection, positive dowmward, degrees

rudder deflection, positive to the left, degrees
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Bgp trailing—edge—flep deflection, positive downward, degrees
mass density of the free stream, slugs per cubic foot

¥ angle of yaw of the fuselsge reference line w:l.th. respect to the
wing axis, degrees

MODEL AND AFPARATUS

The X—3 sirplane model shown in figures 1(a) and 2 was the model
used during the tests described in reference 1. The model scale was
0.16 and the model wing had an aspect ratlo of 3.0L and a taper ratic
of 0.4 with the T5—percent—chord line perpendicular to the plane of
symmetry. The wing had a symmetrical hexagonsl section k.5 percent thick
with rounded corners at 30 and TO percent of the chord and sharp leading
and tralling edges. Filgure 2 shows & typical section through the wing.
The horizontsl tail was all-movable and had shsarp 1ea,d.ing and tralling
edges with the 50-percent—chord line swept back 23 .

Plagin full-span leading—edge flaps of comstant chord (13.45 percent
of the mean merodynamic chord measured parallel to the model plane of
symmetry) were used on the wing. Partisl—span, split, trailing—edge
flaps with a chord equal to 25 percent of the wing chord extended froam
the wing—-fuselage Juncture to the aileron, Thus, the length of each
flap was 46,6 percent of the wing semispean.

A plain aileron with a chord equal to 25 percent of the wing chord
was used on the left wing only; it extended in from the wing tip for
30 percent of the wing semispan. Additional information on the model is
glven in table I and in reference 1. The complete model conflgurastiom
was identical with that of reference 1 except that the nose fins were
onitted. Thus the complete model consisted of the following components:
the fuselage, the tall boom, the canopy, the wing and empennsge, and
the external brackets for the wing control surfaces.

FTigure 1(b) shows a typical ailrbrake installation. The plan forms
of the various slrbrakes and the fuselage statioms at which they were
mounted are shown In figure 3, The proflle of the double brake was flat,
but that of the single brakes conformed to the lower surfasce of the
fuselage.

The model In the landing comfiguration with the elongated single
brake 1s shown In figure 1(c). The landing—gear doors shown on the
mpdel were those developed from low-speed wind—tumnel tests in one of
the Ames 7= by 10—foot wind tunnels and are not those used in the tests
reported in reference 1.
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The model equipped with wing—tip fuel tanks ie shown in figure 1(e)
and s detailed sketch of the tanks is presented in figure 4(a). The
tanks were made with an NACA 111 fuselage form and a Fineness ratio of
8.33. Normal force and pitching moment of the left tank that were
imposed on the wing tip were measured with resistance—type electric
straln gages mounted on a cantilever beam. (See fig. 4(a).) The model
underwing tanks, shown in figures 1(d) and 4(b), were identical to the
tip tanks except that no provision wes made for measuring normal force
or pitching moment,

The model wing—tip ram jets shown in figures 1L(f)} and 5 employed
the same principle for measuring the normel force and pltching moment
imposed on the wing tip as that used for the wing—tip fuel tank. The
rem Jets were symmetrical bodles of revolution with a fineneses ratio of
8.22. Alr flowed through the ram jets, but no atbtempt was made to measure
the rate of flow.

The tests were msde in the Ames 16—Ffoot high—speed wind tunnel.
The model was mounted on the sting support with the strain-gesge balance
enclosed within the model. For these tests, the angle of attack was
measured by an inclinometer mounted in the model.

TESTS

The baslc—pitch data of reference 1 (model without the nose fins)
have been extended to obtain force and moment data for various combina~—
tions of leading—edge flap and horlzontal—taill incidences, The model
was tested with and without dummy alr scoops (no air flow into the scoops)
to see if the power—off flight configuratlion had satisfactory stabllity
characteristics. Tests were made of airbrakes to find a design and a
location that would satlsfy the space limitations of the fuselage and
have sultable aerodynemic characteristics.

Wing—tlp ram Jets and external stores were tested with the model
piltched and yawed to investigeste the static—stabilility end —control. charasc—
teristics and to measure the normal force and pitching moment imposed
on the wing tips of the model by these items., The aileron effectiveness
was measured for the model with and without tip tanks or ram Jets.

The tests were mede at Mach numbers of 0,40 to 0,925 corresponding
to a Reynolds number range of about 3.2x10° to 4,9x10® under the test
conditions. An index to the figures giving the pertinent control—
surface settings and the model configurations is presented 1n table II.
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PRECISION AND CORRECTIONS

The estimated precision of the dats 1s glven in reference 1.
Because of refinements in instrumentatlion, the angles of attack and of
vaw presented in this report are belleved to be asccurate within +0.1°.

Corrections for the effect of the tummel walls and of the inter—
ference of the sting support have been zpplied to the data as described
in reference 1, Constrictlion corrections to account for the blocking
effect of the model in the tunnel test sectlon were applied according to
the method of reference 2,

Pressures were measured at five points on the flat base of the
fuselage (the area occupied by the tail—pipe outlets of the airplsne)
and the drag dsta were corrected to correspond to free—stream static
pressure over this ares, .

Yawing-—moment, rolling-moment, and side—force coefficients produced
by yewing the model represent increments over the values obtained at 0°
yaw,

RESUITS AND DISCUSSION
Aerodynamic Characteristics in Pitch

Basic serodynamic characteristics.~ The 1lift, pitching-moment, and
taill hinge-moment characteristics of the model are presented in figure 6
for three leading—edge—flsp deflectione snd three horizontal—tail inei-—
dences. Also included are the 1ift and pitching-moment characteristics
with the tall off. The drag characteristics of the model with the tail
on are shown in figure T and with the tail off in Ffigure 8. These data
are an extension and partial repetition of the dstas presented in refer—
ence 1.

A discussion of the lift, static—longltudinal-stebility and -comtrol,
and drag characteristics of the model was presented in reference 1 and
is generally epplicaeble to the results of this test. Hence these items
will not be discuesed in detail except to show the over—ell effects of
Mach number,

The varistions of 1ift, pltching-moment, and drag coefficient with
Mach number are shown in figure 9., For angles of attack less than about
10°, there was a general increase of lift coefficient with increasing
Mach number for Mach numbers between 0.40 and 0.925. At 1liPt coeffi—
.cients sbove 0.2, the pitching—moment coefficient decreased markedly
(nosing—down tendency) for all test Mach numbers above about 0.86.
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A slight increase in drag 1s shown in figure 9 for a Mach number of 0.925.
However, the Mach number for drag divergence, as indicated by a marked
increase in drag, was apparently not reached at any Mach number up teo
0.925.

The lift—curve slope (OCL/da)y, static longitudinal stebility
(—aCm/aCL)M, and tall effectiveness (ch/Bit)M are presented in figure 10

for leading—edge—flsp angles of 09, 10°, and 20° and a 1ift coefficient of
0.3, Except for a slight decrease at a Mach number of about 0.90 with the
fleps deflected, the lift—~curve slope increased with Mach number through—
out the Mach number range of the test. For a 1lift coefficlent of 0.3,
deflecting the leading—edge flaps increased the longitudinal stablility at
practically all Mach nmumbers of the test. However, at the higher lift
coefficlents, deflecting the leading-edge flaps 20° reduced the stability
to such an extent that the model became unstable at a 1ift coefficient

of about 0.8 at 0.40 Mach number. (See fig. 6.) The longitudinal sta—
bility increased markedly at a Mach number of about 0.925 (fig. 10} with
the flaps deflected or undeflected. The tall effectiveness (BCm/Bit)M
wasg independent of the leading-edge—flasp setting, but Increased gradually
with Mach mmber for Mach mumbers between 0.40 and 0.925. (See fig. 10).

Tail incidence required for pull—ups.— The tail incidence required
during pull-ups of the alrplane were calculated for a wing loading of
120 pounds per square foot. (Bee fig. 1l.) Corrections were made to
the tail incidence to account for the effect of curvature of the flight
path., For load factors of one or greater and for altitudes of 20,000
feet or less, the datae for the leading—edge flaps undeflected indicate
a stable variastion of tall angle with Mach number for Mach numbers less
than sbout 0.85. At 40,000 feet, the stable region is not defined by
the data, but an unstable variation of tall Incidence with Mach number
is apparent for Mach numbers sbove 0.86. Deflecting the leading—edge
flaps, in general, reduced the Maech number range for stick—fixed ate—
billity and required a more negative tall Incidence to balance the
alrplane, The change of talil incidence was caused primarily by a
decrease of the 1lift coefficient for balance when the leading—edge flaps
were deflected. (See fig. 6.)

Lift—drag ratio.,—~ Iift—drag ratio as a function of 1ift coefficiemt
is presented in figure 12, Deflecting the flsps 10° increased the 1lift—
drag ratio for 1ift coefficlents greater than about 0.2 and Mach numbers
less than about 0.85. Increasing the flap deflection from 10° to 20°,
while increasing the lift—drag ratic slightly st 0,#0 Mach number,
reduced the lift—drag ratio for most 1lift coefficients at all higher
Mach numbers., For Mach numbers greater than about 0.85, deflecting the
leading—edge flaps appeared to be of little value for improving the 1ift-
drag ratio.




Maximm lift-drag ratios are plotied against Mach number in fig—
ure 13. Deflecting the leading—edge flaps 10° increased the maximum
lift—drag ratio spproximately 20 percent between Mach numbers of 0.40
and 0.75. However, for Mach numbers above sbout 0.85 deflecting the flaps
10° reduced the maximum lift~drag ratio.

Model with scoops.— The model was equipped with dumuy air scoops
In an attempt to duplicate the power—off £flight conditions with no air
flow through the ducts, In order to install the ailr scoops, it was nec—
essary to remove the canopy. Thus, 11ft, pitching moment, and drag were
measured with the canopy removed (fig. 1%), and with the canopy removed
but with the scoops sdded (fig. 15).

The data indicate an over—ell decrease in static longitudinai ste—
bility and an increase in 1ift coefficilent for balsnce when the scoops
were added. The minimm drag coefficlent was Increased approximately
50 percent at 21l Mach numbers of the tests.

Airbrakes.— A breke was desired that would approximately triple
the minimum drag coefficilent of the model wilithout causing excessive
changes of the pltching-moment characteristics. No attempt was made to
vary elther the plan form of the brake or 1lts location systematlcally
since the construction of the sirplisne fuselage permitted only limited
combinations, The plan forms and. locatlons that were considered most
adsptable to the fuselage sre shown In figure 3.

The effects of the various brake installations on the 11ft, drag,
and pitching moment of the model are shown in Pigure 16 for a Mach
number of 0.4k0. Figure 16(a) shows that the double brake beneath the
wing at fuselage station 65.55 or T1l.32 inches increased the pitching
moment, while forward of the wing at station 50.40 or 55.80 inches they
decreased the pitching moment. In s8ll cases, the stability was incresased
glightly for 1ift coefficients less than about 0.6, but the model became
neutrally stable for 1ift coefficlents near the stall with the brakes
forward of the wing at fuselage stations 50.40 and 55.80 inches.

The effects of changes in the brake plan form are shown in fig—
ures 16(b), (¢), and (d) for stations 41.00 and 52.60 inches. Although
all the brakes reduced the 1ift coefficient for balance at these stations,
their effect on the stability of the model appeared generally satlsfac—
tory with the exception that the double brake at station 52.60 inches
mede the model umstable for 1ift coefficients near the stall. The .
single brakes produced smaller increments of drag primarily because their
frontal area was less than for the double brake., (See figs. 16(b),

(c¢), and (d).) Checks of the stebility characteristics of the model in
the landing configuration were made wilth the elongated single brake

at station 41.00 inches, with the revised single brake at station 52.60
inches, and with the double brake at station 52.60 inches. The

landing configuration for these tests included the modified landing—
gear doors developed from tests in one of the Ames T— by 1l0-Ffoot wind




tunnels as shown in figure 1(c). In 81l cases the model appeared to
have satisfactory longitudinal-stabillty characteristics.

The 1ift, pitching-moment, and drag charscteristice of the model
for several deflections of the single brake at station 41.00 inches are
shown in figure 17. The Increments of drag and pitching-moment coeffi—
cient from deflecting the brake are shown in figure 18. For this par—
ticular Instellation, the effect on the pitching—moment coefficlent was
small except for brake angles greater than about 50°. The increment of
drag coefficient was approximstely proportional to the projected frontal
area of the brake, Thus the data indicate that brske deflections
greater than about T70° would give little increase in increment of drag,

but would decrease the l1ift coefficient for balance.

External stores.— Fuel tanks were added separately beneath the wing
and to the wing tips of the model. (See figs. 1(d), (e), 4(a), and (b).)
Lift, pitching-moment, and drag characteristics of the model with the
underwing tanks are presented in figure 19 for 0° leading—edge—flap
setting, while similar data are presented for the model with the tip
tanks in figure 20 for leading-ecdge—flap settings of 0°, 10°, and 20°.
Tall—off data with the tip Tanks are shown in Figure 2I. Both installa—"
tions appeared feasible inasmuch as the aeérocdynamic effects on the 1ift
or pltching—moment characteristics were not excessive.

Adding the underwing tanks increased the angle of attack for zero
1ift about 0.5° and slightly reduced the lift—curve slope and the
gtalling 1ift coefficient. The principal effect on the pitching—moment
characteristics was to reduce the longltudinal stabllity for 1ift coef-
ficients in the vicinlty of 0.2 and Mach numbers less than about 0.85
as shown by comparing figures 6 and 19. An increase in drag coefficient
for zero 1lift of approximately 0.003 occurred for Mach numbers of 0.85
or less. The data also indicate that the Mach number for drag diverg—
ence was slightly reduced.

With the tanks on the wing tips, the 1lift datae show a noticeable
increase in lift~curve slope and insignificant changes in the angle
of attack for zero 1ift or in the stalling 1ift coefficlent. (Compare
figs. 6 and 20(a).) Although adding the tip tanks reduced the lift
coefficient for balance, some improvement 1s noted in the static—
longltudinal--stability characteristics in that the varlation of
pitching moment with 1lift was more nearly-linear, both with the tail
on and with the tail off. At 0.3 1ift coefficient with the leading—
edge flaps undeflected, adding the tlp tanks increased the static—
longitudinal—stability parameter (—BCm/BCL)M from 0.067 to 0.090 at
0.40 Mach number and from 0.065 to 0.117 at 0.85 Mach number. The
tip tanks increased the drag coefficilent for zero 1ift about 0.003
for Mach numbers of 0.85 or less. Although the end—plate effect of
the tip tanks was not sufficlent to reduce significantly the drag of
the clean model (see figs. T(b) and 20(a)), less drag was generally

indicated with the tip tW tanks for
y .



1ift coefficients greater than about 0.2 and Mach numbers less than 0.85
(see figs. 19 and 20(a)).

Tip—tank normsl force and pitching moment.— The normsl force and
pitching moment transmitied to the wing tips by the tip tanks are pre—
sented in figure 22 for various ailerom and leading—edge-flsp settings.
The normal force increased almost linearly with angle of attack up to
the wing stall (about 12° at 0.40 Mach number) snd then increased at a
reduced rate.

There was s stable variation of tip—tank pliching moment about the
model center of gravity for normsl—force coefficients below the wing
stall, In terms of longitudinsl stebility of the model, however, this
stabllizing effect 1s practically negligible and would not account for
the gain In stability from adding the tip tanks. A comparison of the
tall-off pitching-moment dats of figures 6 snd 21 indicates that the gain
in stability was probably caused by & rearward shift in the serodynamic
center of the wing—fuselage cambination when the tanks were sdded.

Wing—tip ram Jets.— The 1ift, pltching-moment, and drag character—
1stics of the model with the wing—tlp ram Jets are presented in figures
23(a), (b), and (¢) for leading—edge flap angles of 0°, 10°, and 20°,
respectively. Tall—off data are presented in figure 24 for a leading—
edge-flap angle of 0°, Adding the ram Jets increased the lift—curve
slope and redunced the 1ift coefficient for balance, but did not signif-—
icantly change the over—all siatlic longitudinal stability of the model.
(See figs. 6 and 23(a).) The variation of pitching-moment coefficilent
with 1ift coefficlient was more nearly linear both wlth the tall on - and
with the tall off, There was an increase in minimgm drag of 0.011 at
0.40 Mach number and 0.018 at 0.90 Mach number as shown from & compari-—
gon of figures T(b) and 23.

Ram—Jjet normal force and pitching moment.— The ram—jet normsl force
and pitching moment imposed on the wing tips are presented in flgure 25
for several aileron and leading—edge—flap settings. For angles of attack
below the wing stall, there was an approximstely Iinesr variation of
normgl force with angle of attack and of pitching moment with normal
force.

Aileron rolling moment.~ The variation of the rolling-moment coef
ficient produced by the left aileron with angle of attack 1ls presented
in figures 26, 27, and 28 for the clean model, for the model with wing—
tip tanks, and for the model:with wilng—tip ram Jets, respectively. A
comparison of the ailleron effectliveness for these three conflgurstioms
is made in figure 29. A% 0.40 Mach number, the clean model had an
alleron effectiveness of 0.0009% and 0.0010k at 09 end 6° angle of attack,
respectively, The alleron maintalned approximately 50-percent effec—
tiveness for several degrees gbove the wing stall.
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Although there was a decrease 1n effectlvenegs for Mach numbers
greater than 0.85 at 6° angle of attack, the aileron retained approxi—
mately 80 percent of its low—speed effectiveness at 0.925 Mach number,
For an sngle of attack of 129, the aileron effectiveness increased con—
tinuously as the Mach number was increased from 0.40 to 0.90. Adding
the wing—tip fuel tanks or the ram Jjets increased the sileron effec—
tiveness at 0° angle of sttack except at the highest Mach numbers, but
reduced it at 6° and 12°, At 0° angle of attack, adding the tip tanks
or the ram jets reduced the Mach number at which there was a loss of
effectiveness.

Aerodynamic Characteristics in Yaw

Model with external stores.,~ Yawlng moment, rolling moment,
and side force are presented in figures 30 and 31 for the model with
the underwing tanks and with the wing—tip tanks, respectively. The
directional—stability parsmeter (-acn/awja, the lateral-stability param-—
eter (BCz/aw)m, and the side force due to yaw (BCc/av)m, averaged for
angles of yaw between O° and 6%, are shown in figure 32 for the clean
model and for the model with external stores. The values of the param—
eters for the clean model were computed from data presented in refer—
ence 1.

Although some incresse is noted in the value of the parameter
(3Cc/dV) when the external stores were added, their effect on the
directional~ or lateral—stabllity characteristics appeared insignifi—
cant. Adding the underwing tanks might be expected to reduce the value
of (0C1/3¥), because increasing the vertical area below the center of
gravity generally produces a destebllizing effect, Since no significant
decrease of (0C1/0¥), was measured, it is believed that the interfer—

ence of the tank installstions caused a change in the 1ift distribution
of the wing sufficient to offset the expected decrease. :

Model with ram Jets.— Yawing moment, rolling moment, and side force
are presented in figures 33, 34, and 35 for the model with both ram
Jets, with the right ram jet, and with the left ram Jet, respectively.
The parameters (—3Cn/dO¥)y, (9C1/0¥), and (3Cc/d¥), for the clean model
are compared in figure 36 with those for the model with the 1ift, right,
and both ram jets. The. values shown represent averages for angles of
yaw between 0Y and 6°., Some increase was noted in the value of
(3cc/d¥),, when rem jets were added to either or both wing tips, but the
over—all effects on the parameters (—BCn/BW)a and (3CL/d¥)  were of
secondary importance,

A comparilson of figures 33 and 34 or of figures 33 and 35 shows that
a ram Jet on one wing tip would cause an unbslanced yawing and rolling
moment at O° angle of yaw. Although these unbalanced moments might be
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greater at higher angles of attack, values of rudder effectiveness (from
unpublished low-speed wind—tunnel date (3CpL/9%r) was about —0.004) and
aileron effectiveness (fig. 29) indicate that deflecting the rudder
about 1.5° and deflecting both allerons about 3.5° would balance the
model at 0° yaw.

CORCLUDING REMARKS

Wind—tunnel tests of the 0.16—-scale model of the X=3 airplane at
low and high subsonic Mach numbers indicated a stable varistion of tail
incidence with Mach number for Mach numbers lesg than about 0.85. Deflect—
ing the lesding—edge flaps, in general, reduced the Msch number range for
this stick—~fixed statlic—longitudinal stsbility and incressed the negative
tail incidence required to trim the airplane In level Plight.

For certain lesding-edge—flap deflections, the maximm l1ift—-drag
ratio was increased and the drag was reduced at 1ift coefficients
greater than sbout 0.2 and Mach numbers less than about 0.85.

Tests of the model equipped with airbrekes indicated generally
satisfactory longitudinal—stability characteristics with elther a single
or a double breke forward of the wing at fuselage station 41.00 inches.

Adding Puel tanks or ram Jets to the wing tips or fuel tanks
beneath the wing appeared to be aerodynamlically feasible inasmuch as the
static lateral or longitudinal stability and control were not excessively
affected. Although the wing-tip tanks reduced the 1ift coefficient for
balance, they increased the lift—curve slope and the static longitudinsal
stabllity. The underwing tanks reduced the longitudinal stability in
the region of 0.2 1lift coefficient. Both tank Installations increased
the drag coefflcient &t zero 1ift sbout 0.003 at the lower Mach numbers,
but the tip tanks produced less drag than the underwing tanks at 1ift
coefficients above about 0.2 and Mach numbers less than 0.85. The
prineipal effect of the wing—tip ram Jets was to increase the lift-curve
slope and to reduce the 1ift coefficient for bzlance.

The normal Porce imposed on the wing tips by the tip tanks or by
the ram Jets increased approximately linesrly with angle of attack up to
the wing stall.

At zn angle of gttack of 6° and a Mach number of 0.925, the ailerom
retained approximately 80 percent of its low—speed effectlveness.

Ames Aeronautical Lsboratory,
National Advisory Committee for Aeronmsuties,
Moffett Fleld, Calif.
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TABLE I.,~ MODEL DIMENSICNS
Wing
Area, Bquare FEEt v ¢ ¢ ¢ « ¢ ¢ ¢ o o o o ¢ o & e a s 0 s & 4,094
A-Bpect ratio L ] [ ] [ ] - L ] ) L] . [ ] L ] - * L] * [ 2 L ] [ J [ 2 * L] L] L ] L] L 3 a ol
Taper TAEI0 4 o « o o ¢ o ¢ s ¢ o a « ¢ o s ¢ o o o s & o o oc.k
Spa-n.,feet.dona-.no-.o.-....o-a-o- 3-51
Root section (at plane of symmetry) chord, feet 1.666
Thickness, percent of chord . . « o « o« s ¢« ¢ o o ¢ o o & o b5
Dihedrsl (wing reference plane), egree o« « o« « o s « o o o]
Incldence, degree o ¢ v« ¢ = s s s » s o o« 6 5 o ¢ ¢ « s o & 0
Mean merodynamic chord, £E€t .+ ¢ « « « o ¢ o 2 o o » « « o  1.238
Sweepback (T5—percent—chord line), degree . « ¢ « o « « « & 0
Aileron
Span, feet . & v o o ¢ o o e o o o s s s o o s s e e 0.526
Wing statlon at inner end, feet s & o o o = s o & ¢ s a o a 1.227
Wing station at cuter end, feet .« ¢« o« « ¢ o « ¢« ¢ ¢ ¢ o « 1.723
Chord at inner end, feet . . . ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o o s o o » 0.241
Chord at outer end, £t . ¢ ¢ ¢ + ¢ s o o o o o o o s o & 0.167
Horizontal taill
-Area, sqme feet [ ] L4 L] - L ] L ] L ] L] L] L] L] L - * L4 L 4 L d . [ ) [ ] L] 0. 79ll-
Aree, exposed, square feet . ¢« ¢ ¢« ¢ ¢ ¢ o o « 5 o o o & 0.701
Aspectra'bi()..--.-.......-..---..-. 3-01
T&Perratio..-.-c---.---...cnoo-o-no 0.""
spm, feet * - * L ] L] L ] - L ] L ] ® . * L] - L] ’ L ] - [ ] L ] * * [ ] L ] * l'5u7
Tail length (center of gravity to one—-quarter mean
aerodynamic chord of horizontal tail), feet . « .« . . . 3.393
Section at spanwise station 0.377 inch (fuselage juncture),
Chord.feet....--..-‘..... ® ¢ e o o a 0-752
Thickness, percent OFf ChOXd o« ¢ o ¢ o ¢« o ¢ & ¢ o o o o & TS
Section at spanwise station, 3.095 inch
Chord, feet - [ ] * * [ ] L] L [ 3 [ 4 - [ 4 - - L ] - - [ 3 - . - . - L ] o L ] 5 87
Thickness, percent Of chord o« « « « o s o o o o « o o v » L5
Tip section
Chord, feet . - [ L ] L J - -’ L ] * - » * L J - L ] L] L] - L] [ 4 - . L d 0029)+
Thickness, percent of chord « « « « « o o ¢« ¢ & « o » « o k.5
Dihehal, depee [ ] L] . L] L] L] - [ ) L] & -« * L ] - - L] . L] - . [ d 0
Inc idenc e - L J * > -« * e L] [ J L ] L] L] - L ] L] . L - L] L 3 L ] [ ] e . * valria.b le
Mean serodynamic chord, FEEt . & o o« ¢ o o o ¢ « s ¢ « o o 0.545
Mean serodymsmic chord, exposed, feet . « ¢ ¢ o ¢« o« o ¢ & « 0.521
Sweepback (50-percent—chord 1ine), Gegree . v o« « o« « o « 23
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Vertical taill

Avea, BQUATE FEET 4 « « o o « ¢ ¢ a o o o a o o s s ¢ o o a 0.678
A.5P°”+ratiesaasaiiiisisiiiaii-aiia la32
Taper TAL10 o o ¢ e o o ¢ ¢ o ¢ o ¢ ¢ s o ¢ s o o o a « s @ 0.25
SP&D, feet « o .. ¢ e o @ ¢ e « o o e o s @ e 9 e 0.9)4-7

Tail length (center of gravity to one—quarter mean aero—

dynamic chord of vertical tail), Feet o ¢« o ¢ o o o o o & 3.410
Root section :

Chord, £Eet o o o ¢ o o o o o ¢ o o o o o« s s o s = o o & 1.147

Thicknees, percent of chord « « « « « ¢ o « ¢« e'¢ o o o &« k.5
Tip section
Chord, £eet o o o o o« ¢ o o ¢« o & 2 o o o ¢ o a a o o o o 0.287
Thickness, percent of ChOTd . + ¢ « « « o o o o o ¢ o« o &« 4.5
Meen aerodynamic chord, feet . « « 2 ¢« ¢« ¢ ¢ o ¢ o o o o o 0.802
Sweepback (90-percent—chord line), degree « e e s s o o o o]
Rudder
Span, feet . ¢ 2 ¢ o « 2 o« o 0o 5 o o o o . e« e o o o o 0. 705
Height of lower end above fuselage reference plane, feet . 0.690
" Helght of upper end above fuselage reference plane, feet ., 1.395
Chord at inboard end, feet . . ¢« o« 4 ¢ ¢ « ¢ o o e« ¢ « & « 0.227
Chord at outboard end, feet . v o ¢ o ¢ ¢ « o o o o o « o @ 0.162
Tip and underwing tanks
Length,feet.-..........-.......-... 2.015
Frontal area, square £t ¢« « « « o ¢ o o o o « o o s« « = « 0,0460
Volume (each tank) cubic feet « « « v ¢« ¢ « o ¢ ¢ o ¢« o o« « 0,055
FinenesB r8tl0 .« o ¢ ¢« ¢ » o ¢ ¢ o o ¢ o ¢ s o o o o s ¢ o 8.333
Incidence, ASErrEE o « « o « ¢ o o s ¢ o o« « o o ¢ o o o o o 0
Wing—tip ram Jets
Iength,feet.... ® e € =® @ ¢ © O @+ 8 2 ¢ & & s ¢ 2.6m
Frontal eres, square feet e e o o s 6 s e s a s e e s s e 0,078
Fineness 8510 .+ o « o & o o o o o ¢ s 6 6 o o o o s & o a 8.220
InCid.enGe,d-egl‘ee..........--......--- —2
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(c) Model with the elongated single airbrake at fuselage station
41.00 inches and with the landing gear extended.

Figure l.— Three—gquarter—front views of several configurations of
the X-3 model.
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(£) Model with wing—tip ram Jets.

Figure l.— Concluded.
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Figure 4.— Concluded.
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Figure 6.-The liff, pitching-moment, and tail hinge-moment characteristics of the X-3 model.



NACA RM A50C30

Lift coefficient, ¢,

i deg)
f-g & 1 4 l&ie
8 -4 g A7
oftailoff X '
] o h
ﬁ' [-]
/ Z
)! ]
"AN: 3
|| . A TN
;
G &
]
|
% 1
i- ~
| | ro° 4 4
A i
Vi
v , d
|| ok
. P
1 |
H—
° %:Y'
N\ 1 \r
| |me0e
v ST Y
Fl TV
s N
A
|| /
1 X
4
o  AEEEEEL T
O 4 8 [2 KB 20 [2 08 04 O -04-08 =2 O -02 -04 --06 -08 -0

29

Angle ofatfack,a, deg Pifeking-moment coefficient,Cm  Tail hinge-moment coefficient, Chy

(b) Mach number, O.60.

Figure 6~ Continusd,
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